Forecasting is an element of the decision-making process through which a desired vision of the future status of the company is worked out and determines the techniques of achieving it. Creating forecasts is a conscious action and it is based on a certain method. Statistical-econometric methods were used in this publication. The projections concerned steel production and the proportion between the applied technologies. The research covered the domestic steel industry. Due to the time span of the projections, which was assumed until 2020, the designated forecasts were acknowledged as short-term projections.
Introduction
Enterprises in a dynamic environment forecast changes concerning a lot of different areas of activity. When planning measures it is necessary to evaluate the set of problems and actions which offer an opportunity to reach the desired results. Forecasting is a part of the planning process. Forecasting means becoming involved in the future to undertake proactive measures. Looking ahead enables to answer the question: "What will happen?" and/or " What analyzed volumes will change?". Forecasting makes sense only if it covers a big set of empirical data respectively. In case of projecting or forecasting, extrapolation or interpolation is used based on numerous statistical-econometric methods. The choice of methods is left to the discretion of the researcher. For the purposes of this publication statistical methods were verified and those were chosen which were characterized by the smallest prognostic error.
The goal of this publication was to work out statistical short-term forecasts of the steel production volumes until 2020 broken down by steel production in accordance with the applied production technologies. The study was drawn up on the basis of statistical data. For creating the forecast, data on the total steel production volume, including basic converter and electrical steel from 2000 until 2015 were used. Ex-ante forecasts were made for the period from 2016 until 2020 -a five-year period. A crawling trend model -forecasting via the harmonic balance method was worked out for the studied phenomena in the domestic steel industry.
A methodical procedure in projecting the steel production volume in total and according to the production processes
In order to build a forecast of the steel production volume in total and according to a breakdown by respective technologies applied in the steel industry in Poland until 2020 (5 years), adaptive and econometric models (linear, non-linear and including autocorrelation) were used. Two paths of methodical procedure were assumed. The first methodical procedure was the following: Stage 1 Creating a forecast for the entire steel production. Stage 2a1. Creating a forecast for steel production through the converter process. Stage 2a2. Forecast assessment for steel production through the electric process. The second methodical procedure, in turn, covered: Stage 1. Creating a forecast for the entire steel production. Stage 2b1. Creating a forecast for steel production through the electric process. Stage 2b2. Forecast assessment for steel production through the converter process. The adopted methodical procedure resulted from the fact that the steel obtained through the converter and electric processes made up the total steel production.
For the respective statistical methods used in the course of making projections the minimum value of one of the errors was adopted as the basis for the optimization of the point prediction value: the square root calculated from the mean squared error of the RMSE* simulated forecasts and the mean value of the relative error of the expired forecasts (Pawłowski, 1973 (Pawłowski, , 1982 Sadowski, 1997) . Among the tested prognostic methods optimum forecasts were chosen, taking into consideration the above-defined criteria for such exploration. The best method from among the set of optimum methods was chosen. It was the crawling trend method using the harmonic balance method. Table 1 contains a set of optimal methods used in the aforementioned research with respect to the steel production volume forecast. The methodical procedure, the verification of respective statistical methods were repeated with respect to steel production using the converter and electric processes. The ex-ante error was set for 2015.
Steel production and the proportions between production through the integrated and the electric process
Steel, despite the development of competitive materials, is continuously classified as a basic construction material. The production of steel has dynamically increased in recent years.
In 2004 it exceeded 1 billion tonnes (World Steel in Figures, 2005) . 1.592 billion tonnes were produced across the world in 2015. However, due to the excess capacity there was a drop in production by ca. 2% in 2015 compared to the previous year (World Steel in Figures, 2015) . The global excess capacity amounted to 700 million tonnes (The Polish Steel Industry, 2016, 1 (Gajdzik, 2013) .
Nowadays, steel is melted in converters (integrated process: blast furnace, converters, CSC -Continuous Steel Casting) and in electric furnaces (first of all arc furnaces). The state of technological development projected by experts for the set year 2050 will not change significantly, the mentioned technologies are considered to be essential (basic) in the metallurgical sector (Paduch, and Szulc, 2014, p. 3-11) . In Poland there are two converter plants (converters of the type TBM -Thyssen Blast Metalurgie, LD -Linz-Donawitz), one in Cracow and one in Dąbrowa Unit of ArcelorMittal Poland. A technological process is a combination of converters with continuous steel casting. The other mills use electric furnaces. Among the advantages of this technology is the use of mainly collected (post amortization) steel scrap (the basic iron-bearing material) and steel scrap from post-production wastes of the mills for smelting of steel and a lower energy intensity as compared with the process of producing steel in integrated mills (in the blast furnace -oxygen converter system) (Łędzki, Zieliński, and Klimczyk, 2010, p. [7] [8] [9] [10] [11] [12] [13] [14] . The steel production technology in the electric furnaces is defined as EAF -Electric Arc Furnace and in converters as BOF -Basic Oxygen Furnace.
Until 2002 the mills in Poland also used open-hearth furnaces. However, the technology was discontinued for economic and environmental reasons. In Poland more steel is produced through the integrated process, rather than the electric process, although reverse situations occurred (such a situation occurred in the years 2009-2010 and was caused by the shut-down of redundant production capacities in integrated mills) (Gajdzik, 2013, p. 154-179) . Currently (data from 2015) 58% of steel is produced through the converter process and 42% through the electric process (The Polish Steel Industry, 2016, p. 18). In the EU countries (27 countries) these proportions are slightly higher, as 61% constitutes converter steel and 39% of steel is melted in electric furnaces. The production of steel produced in Poland indicates a ca. 3% lower share of steel produced through the converter process compared with the European Union and a ca. 17% lower share with regard to world production. Converter steel in the world constitutes over 75% of the total production (table 2) (Szulc, 2014). 
The time history analysis of the total steel production and according to the production processes in Poland
On the basis of statistical data (table 3) the time history of the following examined volumes: overall steel production, steel production through the converter and electric processes was presented. The analyzed volumes were presented in the years 2000-2015. In fig. 1 situations were also highlighted when in the years 2009-2010 the production of converter steel had a smaller share in the overall steel production than electric steel. 
Forecasting changes in the steel production volume in total and according to production processes -crawling trend modelforecasting via the harmonic balance method
In the course of forecasting changes in the analyzed phenomenon, the crawling trend model was combined with the projection via the harmonic balance method.
Assumptions:
1. Segments were chosen after k = 4 observations. 2. Weights or coefficients taking account of the information obsolescence were calculated according to the formula: The obtained modelling results were presented in the charts. As an example, the results of the overall steel production volume forecast until 2020 were provided in table 5. Table 5 .
Projecting changes in the overall production volume [million tonnes]
The following steel production volumes were set on the basis of the crawling trend model with the projection via the harmonic balance method: 9.280 million tonnes in 2016; 9.358 million tonnes in 2017; 9.437 million tonnes in 2018; 9.515 million tonnes in 2019 and 9.593 million tonnes in 2020. The projected steel volume indicates a slightly growing trend ( fig. 2) . Percentage shares of steel production through the converter process in the overall steel production were listed in table 6. Figure 3 shows trends in the designated forecast -it is also a growing trend. The projections of the steel production volume through the electric process are the following: 3.850 million tonnes in 2016; 3.820 million tonnes in 2017, 3.790 million tonnes in 2018; 3.761 million tonnes in 2019; 3.731 million tonnes in 2020. Percentage shares of steel production through the electric process in the overall steel production were listed in table 6. The obtained results of all forecasts -crawling trend model with the projection via the harmonic balance method were listed in table 7. Source: own elaboration on the basis of the research methodology presented in the publication.
The projected steel production volume according to processes in available studies
The steel production volume forecast was carried out by the Polish Electricity Association (PKEE) (Report 2030, 2008) 2 . On the basis of the worked out scenarios, the steel production does not exceed the current production capacity and the proportions between production in electric furnaces (EAF) and converter furnaces are slightly changing in favour of production in electric furnaces (table 8) . The forecasts were carried out in 2007, assuming empirical evidence based on the production of steel in the years 1996-2006 (table 8 ). The forecasts of the steel production volume and the proportion between production in electric and converter furnaces were determined until 2030. Two scenarios were developed on the basis of data: the baseline and the moderate scenario (table 8) . Report 2030: The impact of the proposed EU regulations in terms of implementing the European development strategy of CO2-free energy production on Poland's energy safety and, in particular, the options to restore generation capacities using fossil fuels and the prices of electricity. App. 2.
Assumptions concerning the levels of activity and energy intensity of distinguished types of production or services, Warsaw, June 2008. The study was carried out by the company Badania Systemowe EnergoSys on behalf of PKEE, access: www.toe.pl/plwybrane-dokumenty/rok-2008?download=455:załącznik-2.
Because the forecast was evaluated in 2007, it is possible to refer the projected volumes from the years 2010 and 2015 to the actual production (table 9) . This summary will enable to determine the differences between the projected and actual volumes. The obtained (positive) differences are evidence of overestimated volumes of the forecast in the considered scenarios.
In case of the baseline scenario, the dynamics of changes is greater than in the moderate scenario. Assuming that the indicators of the dynamics of changes are forecast errors, the volumes in forecasts for 2020 and the next years were verified (table 10 ). The dynamics of changes was calculated according to the following formula:
where: Dz -indicator of the dynamics of changes, Pz -projected volumes of the analyzed phenomenon, Wr -actual volume. Source: own study.
Adjusted forecasts of PKEE (Polish Electricity Association) were referred to forecasts of the overall steel production volume and broken down by respective technological processes carried out on the basis of the crawling trend model with the projection via the harmonic balance method. The obtained results were presented in table 11. Source: own study.
Conclusions
On the basis of the summary (table 11) , it can be concluded that the respective forecasts of the volume of steel produced in Poland will not exceed 10 million tonnes in 2020. According to the optimistic scenario metallurgical enterprises will produce ca. 9.7 million tonnes and according to the moderate scenario from 9.2 to 9.5 million tonnes. The pessimistic scenario assumes the production at the level of 8.6 million tonnes. The share of steel obtained through the BOF technology in the total steel production can assume two extreme scenarios: the share of this technology will still be significant (reaching even 60% of production in total) or it will drop and the share of steel obtained from electric furnaces will slightly increase. According to the second scenario, the shares of respective technologies in the total steel production will slightly differ from the current ones (table 6) . It can be concluded that in 2020 in the range of the steel production technology in Poland there will not be any major changes (the present proportions shall be maintained). In the long run (projections until 2050) the increase of the share of recovered scrap from the present 45% to 70% will entail the increase of the share of the electric process in the production of steel (Paduch, and Szulc, 2014, p. 3-11) . When the present proportions are reversed, the approximate 60% of steel shall not be produced through the converter process, but in electric furnaces. Reaching the proportion: 40% -integrated process and 60% -electric furnaces is dictated by ecological requirements -reduction of CO2
emissions (the adopted proportions will reduce the CO2 emissions from the present level of 1.8 to 0.6 tonnes per 1 tonne of steel in 2050) (Paduch, and Szulc, 2014, p. 3-11) .
The technological changes will also bring about energy savings -lower energy consumption from the current level of 21GJ to 8.6 GJ per tonne of steel. Within the next three years (shortterm forecast until 2020) the Polish steel sector will not record any major changes. The current production capacity amounts to 13.055 million tonnes of crude steel, including 7.6 million tonnes in the integrated process.
